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Summary findings
Padoan examines the properties of a dynamic disequilibrium model focused on trade specialization and the accumulation of knowledge. He uses a sector breakdown (four export and two import sectors) following Pavitt's (1984) taxonomy, which is especially appropriate for empirically analyzing the relationship between innovation activities and production and export performance.
Steady-state analysis shows that:
• Under perfectly balanced growth (no change in trade specialization and a uniform growth of knowledge), international diffusion of knowledge is irrelevant for growth.
• Under underbalanced growth (with changes in the structure of specialization), the process of structural change may be enhanced by the effects on the domestic accumulation of knowledge of domestic spillover, as innovation activities in one sector generate positive externalities on the rest of the economy.
The growth of foreign knowledge has an ambivalent effect on domestic performance because it is both a complement to, and a substitute for, domestic knowledge. Whenever these two effects do not perfectly match, the diffusion of international knowledge is associated with unbalanced growth. Imports of knowledge-intensive goods may not lead to higher growth unless there is sufficiently strong trade performance in the knowledge-intensive sectors (that is, there are thresholds in expansion of market share.) This result, whose implications for developing countries is relevant, is not usually reported in the literature in which greater accumulation of foreign knowledge unambiguously leads to higher growth in the country that imports technology through trade.
Unbalanced growth is also associated with "output catching up." "Technological catching up" is necessary but not sufficient for balanced growth.
Parameter estimates were obtained for France, Germany, Italy, Japan, and the United Kingdom. Results appear to be consistent with theoretical expectations about the importance of "price" and "nonprice" determinants of trade performance in the four sectors. Results also seem to be generally consistent with the distribution of revealed comparative advantages in the sense that the country cases exhibit high and significant price and knowledge elasticities and high adjustment speeds -suggesting a good "capacity to deliver" in sectors with revealed comparative advantage.
Simulation exercises confirm steady-state results on the relevance of country differences in trade specialization and in the domestic accumulation of knowledge as they affect growth. They also clarify the relationship between growth and changes in the structure of trade specialization.
This paper-a product of the International Trade Division, International Economics Department -is part of a larger effort in the department to assess the role of technology diffusion in economic development. Copies of this paper are available free from the World Bank, 1818 H Street NW, Washington, DC 20433. Please contact Minerva Pateña, room N5-048, telephone 202-473-9515, fax 202-522-1159 , Internet address mpatena@worldbank.org. November 1996 
Introduction
Theoretical and empirical research on the relationship between trade and knowledge accumulation suggests at least two causal links: one stresses the role of knowledge accumulation in determining trade performance and competitiveness 1 , the other looks at the role of trade in enhancing knowledge accumulation through imports 2 . This paper tries to capture both elements in a unified perspective.
The approach followed is "sectoral" in the sense that it considers an economy where more than one good is produced. Two reasons can be suggested in favour of such a choice. A first one (Pasinetti 1981) stresses the role of growth in different sectors in affecting aggregate performance, because, inter alia, different rates of growth of sectoral demand will lead to growth through structural change. A second one stems from the opportunity of adopting a sectoral perspective in the investigation of the relationship between knowledge accumulation (and diffusion), dynamic comparative advantages and trade (and growth) performance. This second point is also not new. Helpman (1989, 1990) and Romer (1990) consider an economy with three sectors (R&D activity, intermediate goods, consumer goods) to study the role of knowledge accumulation and diffusion through the introduction of intermediate goods in the production of final goods. More generally, the role of intermediate goods in the knowledge diffusion process is well recognized in the literature on new growth theory 3 . Other more institutionally oriented approaches 4 stress the role of knowledge spillovers between sectors and the consequences on trade and growth of the performance (and relative weight) of knowledge producing sectors.. 1 Theoretical contributions include Helpman (1989), (1990) , Romer (1990 ), Verspagen (1993 . Empirical contributions include Fagerberg (1988) Amable and Verspagen (1995) , Amendola, Guerrieri, Padoan (1992) Magnier and Toujas-Bernate (1994) 2 Theoretical contributions include Ben David and Loewy (1995) , empirical analyses include Coe and Helpman (1993) , Coe, Helpman and Hoffmeister (1994) , Keller (1995) 3 A recent survey is offered in Fagerberg (1994) Ben David and Loewy (1995) develop a model of trade and growth where aggregate results depend on structural characteristics. While the model shows that openness enhances growth thanks to knowledge diffusion through trade it remains unclear where, in a n-country world, knowledge is produced in the first place.
The rest of this paper is organized as follows: paragraph 2 presents a dynamic sectoral model of trade specialization and growth , paragraph 3 discusses the steady state solution, paragraph 4 discusses estimation results for four European countries (Germany, France, Italy and the United Kingdom) and Japan, paragraph 5 discusses stability and sensitivity analysis results, paragraph 6 discusses results of some simulation exercises, paragraph 7 concludes.
A Dynamic Model
Consider an economy where firms engage in R&D activities to accumulate knowledge and increase their market shares both in domestic and foreign markets. Goods are differentiated with respect to the relevance of knowledge in determining their demand, which also depends on relative prices 1 . As Maquier and Tojas-Bernate (1994) suggest, the stock of knowledge determines, in a framework of imperfect competition, the non price (quality) determinants of consumers' demand and relative shares in the international market. More specifically we may assume that the stock of knowledge is a proxy for variety. However quality influences demand with different intensity across sectors; this is captured by different knowledge elasticities (see below)
5 . In the model we follow Pavitt's (1984) Specialized Suppliers. Innovative activity relates to both process and product innovation and is often the result of consumer-producer interaction leading to special "customer relationships " with other sectors. Competitiveness derives from "quality", mainly understood as the capacity to adapt to the users' needs both in terms of performance and prompt delivery. Sectors include machine tools and scientific instruments .
Science Based. Innovation activity through substantial R&D investment is the main characteristic of these sectors whose competitiveness derives essentially from product innovation success.
R&D performed in these industries typically leads to knowledge spillovers to other sectors which tend to be stronger the closer is the user producer relationship. In this respect science based firms acquire knowledge from other sectors as well as disseminating it. This relationship is usually strong with specialized suppliers firms. Sectors include aerospace industries, computers, telecommunications. 
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Knowledge Accumulation The model presented in table 1 is specified as a set of (non linear) differential disequilibrium equations. The theoretical advantages of using differential equations systems have been discussed elsewhere (Gandolfo 1981, Gandolfo and Padoan 1984) here we will recall two advantages related to the empirical estimation of such models which is some relevance for the topic under discussion. One aspect is the possibility of obtaining point estimates of the adjustment speeds irrespective of the time dimension inherent in the data 8 . The interest for this information in the present context is twofold. First, the time lag between the production of new knowledge and its effect on trade performance is crucial in determining the overall performance of the economy. Secondly, the ability of domestic producers to adjust rapidly to demand is itself a factor of competitiveness.
Another, possibly more important aspect is the possibility of dealing correctly with stocks and flows 9 . This is particularly relevant in this context where the correct treatment of the stock of knowledge appears to be important for satisfactory empirical results 10 . Let us now discuss the specific equations (see table 1 ). All equations are expressed as adjustment equations where each endogenous variable X adjusts with a coefficient α 11 , to its partial equilibrium value X*, also the disturbance terms are omitted. As mentioned above the size of adjustment speeds is also an indicator of sectoral competitiveness as it is determined, inter alia, by the "capacity to deliver", hence higher values of α signal higher competitiveness. Eq (1) states that the export share of traditional goods S A adjusts to its partial equilibrium value S A * which varies inversely with the real effective exchange rate P, i.e. we assume that relative technology does not directly affect international competitiveness in this sector 12 . Eqs. (2)- (4) . describe the adjustment of the export market share in the three other sectors to their respective partial equilibrium values. Following Pavitt's taxonomy we assume that partial equilibrium values of the export shares for the scale intensive (B) and specialized suppliers (C) sectors are function of both the real effective exchange rate and of the relative stock of knowledge T/T W , while the science based sector's share (D) is function of relative knowledge alone.
13 A priori, sectoral price and relative knowledge elasticities are assumed to be different. Empirical estimation results (see para. 4) show that this is not always the case, nevertheless significant country differences are present.
Eq (5) describes the process of knowledge accumulation in the economy, where the output of the knowledge production process is represented by patents. While the importance of relative knowledge in affecting trade performance is sector specific knowledge accumulation is country specific, i.e. the ability of a country to accumulate knowledge depends on specific national features involving institutional as well as economic aspects, while the pool of domestic knowledge is equally accessible to all sectors in the economy 14 . One assumption of the model is that it is the interaction among the innovative activity in different sectors that determines the economy-wide accumulation of knowledge. This formulation is not fully satisfactory when one chooses to adopt a sectoral perspective. A more extended modeling strategy would require to introduce sector specific as well as country specific knowledge accumulation processes and study their interaction 15 . However, to limit the extension of the model we leave this for future research.
In an open economy two aspects of the process of knowledge accumulation must be considered, one is related to domestic factors, the other is related to foreign factors. Both are relevant since, as suggested by Bell and Pavitt (1995) absorption of foreign knowledge always requires some form and amount of domestic knowledge production, i.e. domestic and foreign innovative efforts are, to some extent, complementary inputs in the process of domestic knowledge accumulation. While this idea is simple and self evident its modeling is far from obvious. Two approaches could be followed: one, adopted in some of the recent literature on international diffusion, 16 assumes that foreign knowledge may be considered as a (partial) addition to domestic knowledge, mainly through trade; a second one, developed in the evolutionary literature on international innovation diffusion 17 emphasizes the role of innovation as a process where the two sources of knowledge interact rather than simply adding up. The approach followed here tries to capture both elements of what remains, nonetheless, a topic which deserves much deeper scrutiny.
More specifically the idea behind eq (5) is the following. The accumulation of the stock of domestic knowledge T is basically determined by a domestic effort, i.e. the partial equilibrium level of T is a function of domestic variables, the -exogenous-domestic stock of R&D expenditure, F, and the "size " of the science based sector in the economy, proxied by its export market share S D 18 . The rationale for F is obviously that R&D represents the most important input in the knowledge production process. The rationale for the second variable is that, as it was made clear above, according to Pavitt's taxonomy, the science based sector generates an externality in the domestic knowledge production process.
19
The two foreign variables entering equation (5) 21 (captured by parameters β 9 and β 10 ), increases the speed of the process of domestic knowledge accumulation. The reason why two different foreign knowledge variables are included is that the channels of international knowledge diffusion are several (indeed more than two). The recent literature on knowledge diffusion and trade 22 stresses the role of imports as vehicles of diffusion, however other channels (such as foreign direct investment, R&D cooperation, joint ventures and human capital transfers) 18 Actually, the size of the science based sector should be proxied by the share of domestic production in the sector or, alternatively, by the share of science based exports in total domestic exports, rather than by S D . Model parsimony in the first case and irrelevant differences in estimation in the second case suggested the use of S D , allowing to gain something in analytical and empirical handling. 19 Eq (5) represents the accumulation of what may be defined "tangible" knowledge, thus omitting that significant part of knowledge accumulation and diffusion that is intangible and tacit. See Dosi Pavitt, and Soete 1990 . While we are quite aware of this omission we would argue that at least part of the accumulation and transmission of tacit knowledge may be captured in the form of the adjustment equations where the adjustment coefficients are (also) a function of such components. may be just as relevant, especially among developed countries 23 . The stock of foreign knowledge, T W can be thought of as a proxy of sources of knowledge diffusion other than imports.
Eq (6) defines the rate of change of the aggregate export share S X . Eqs, (7)-(9) define the rate of change of import shares. For the purpose of this paper, and in order to minimize the size of the model, we do not present the four sector disaggregation for imports as well. Rather, we consider the distinction between traditional and high tech imports, where "traditional" includes the same goods defined in sector A above and "high tech" includes the remaining three. Accordingly, S ML * is a function of the real effective exchange rate while S MH * is a function of both the real effective exchange rate and of the relative stock of knowledge. In addition, we assume that the high tech import share is positively related to the high tech export share S XH defined below (eq. 10). Equation (9) captures the fact that foreign high tech goods are both substitutes of-to the extent that imports compete in the domestic market against similar domestic goodsand complements to -to the extent that they enter as intermediate goods in domestic production-domestic high tech goods. 24 These two conflicting roles played by imports in influencing domestic growth are often neglected in the recent literature, which stresses the role of imports as vehicles of technology 25 . Equation (9) defines the proportional rate of change of the aggregate import share S M , and eq. (10) defines the level of the high tech export share.
Finally, eq. (11) defines the rate of growth of output, DlogY, which is obtained by assuming trade account equilibrium 26 . We follow Fagerberg (1988) by defining first the level of output implicit in current account equilibrium P X X=P M M, where P X and P M are the export and the import price respectively, both in domestic currency, and X and M are the export and import quantities. Dividing and multiplying by the level of world demand, W, and of domestic output Y, respectively. the two sides of the identity above, and defining S X = X/W the share of domestic exports and S M = M/Y the share of imports over output, after rearranging, the level of output consistent with current account equilibrium (the "equilibrium output") is Y=WP X S X /P M S M Taking logs we obtain logY* in eq. (11). The equation assumes that the rate of growth of output is the result of an adjustment mechanism (controlled by policy ) which tends to maintain current account equilibrium, and hence Y*=Y , thus ruling away the possibility of indefinite net debt accumulation. The adjustment parameter α 1 captures the intensity of the balance of payments constraint as lower values imply a slower adjustment towards the equilibrium output level and hence the possibility of e.g. running current deficits for longer periods.
Steady State and Comparative Dynamics
In this paragraph we discuss the steady state solution of the model with respect to steady state growth rates. Appendix. 1 contains the details as well as the solution for the steady state initial levels which will be used for the linearization required to perform the stability and sensitivity analysis discussed in para. 5. The analysis of the steady state growth rates and of the comparative dynamics delivers some interesting insights about the properties of the model. We start by assuming that, in the steady state, the real exchange rate P is constant, hence the export share of traditional goods, S A and the import share of traditional goods S M L do not grow. It follows that, if other sectors' shares exhibit a rate of growth different from zero, the trade specialization of the country will change. The growth rates of the four export shares are the following: 
Sectoral growth rates are zero if the rate of domestic knowledge accumulation is equal to the rate of foreign knowledge accumulation. In other words, in a world of identical technological possibilities for all countries the difference between traditional and knowledge intensive sectors is irrelevant for growth and specialization. In such a case differences between the performance of knowledge intensive sectors (B,C,D) as captured in different elasticities will also be irrelevant. On the contrary, if
taking on different values becomes important as the specialization structure of the economy will change. One interesting comparative dynamic exercise, therefore, is to consider the implications for the change in the specialization structure of different national economies of a higher (lower) rate of growth of foreign knowledge.
Let us now look at the steady state growth rate of domestic knowledge, which is the following
A first information from (16) is that the larger the value of α 6 , the adjustment speed of T to its partial equilibrium value, the less important is the role of foreign technology -through both channels of diffusion-in supporting the process of domestic knowledge accumulation. Conversely, in economies where the process of domestic knowledge accumulation is slow, the absorption of foreign knowledge plays a relevant role. The full analysis of eq. (16), however, requires that the values of ρ ρ D and H be substituted for. We will proceed in steps and substitute for the rate of growth of the science based export share first. Eq (16) becomes
( ) 7 9 6 8 6 1 0 6 8 6 1 (16.1) The expression above yields further information: i) the rate of domestic knowledge accumulation will be higher the higher the interaction between the domestic externality effect of the growth of the D sector and the elasticity of its export share to relative knowledge (the β β 8 6 term), i.e. the stronger the intensity of the virtuous circle between knowledge accumulation and trade performance; ii) foreign knowledge accumulation exerts an enhancing or a depressing role on domestic knowledge accumulation according to whether β α i.e. whether the positive effect of international diffusion is stronger than the negative effect of competitiveness.
Let us now turn to the determination of the rate of growth of imports in its two components. Having assumed a zero rate of growth for P the rate of growth of traditional imports, ρ L , is also zero. The rate of growth of high tech imports is: , we obtain, after substituting and rearranging terms ρ β β β ρ λ
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Of course ρ H =0 in the steady state as λ
If this is not the case then the term in the first parenthesis captures the two opposing forces on the growth of high tech imports. The positive effect accounts for the fact that a growth in domestic knowledge intensive activities (as represented by the growth of the export share of D goods) requires a higher share of high tech imports (i.e. domestic and foreign high tech goods are complements). The negative effect takes into account the fact that foreign high tech goods are also substitutes of domestic high tech goods. Assuming that the term in the first parenthesis is different from zero a non-zero rate of growth of the high tech import share will result. Four possible combinations can be obtained. Let us consider briefly the two cases in which ρ H >0. These are:
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The two cases describe two opposing situations. In the first case the share of high tech imports grows because domestic knowledge grows faster that foreign knowledge, hence the complementarity between the two stocks of knowledge prevails. In the second case the opposite holds as the substitution between domestic and foreign knowledge prevails. In both cases we are obviously not in a balanced growth situation and we will have opposite results on the trade specialization structure of the economy. In the first case the share(s) of knowledge intensive production(s) will grow (see eqs. 13-15), in the second case it will eventually vanish. From this point of view the relation between trade specialization and imports of knowledge intensive goods is ambiguous. Considering (16.1) and (17.1) we can finally solve for ρ T . This rather cumbersome expression boils down to a clear cut point. Growth of domestic knowledge ultimately depends on domestic R&D efforts and on absorption of foreign knowledge. However, while the first effect is straightforward the second is much more compliex because of the interaction of two sets of elements: in the first place, there are two channels of transmission of foreign knowledge -imports and "direct transmission"-, secondly the growth of foreign knowledge produces two contrasting effects on the accumulation of domestic knowledge, a positive one insofar as it favors the expansion of the knowledge intensive sectors through knowledge diffusion, a negative one insofar as it constraints such expansion through technological competition, i.e. we come once again across the fact that domestic and foreign technology are both complements and substitutes. From (16.2) we can derive the conditions for ρ ρ λ T T > = 0, and T Assuming that the denominator of (16.2) is positive 27 a positive rate of growth of domestic knowledge requires. β λ β α β λ β β β λ 7 9 6 13 6 14 8
The terms on the l.h.s. are the domestic and foreign factors affecting domestic knowledge accumulation (the foreign factors represent the complementarity of foreign and domestic knowledge), the terms on the r.h.s. represent the depressing effect of foreign knowledge accumulation (the substitution of foreign for domestic knowledge). Domestic and foreign knowledge will grow at the same rate (which, from (13)- (15) is a condition for global balanced growth) if
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(18) The domestic effort on knowledge accumulation and the net foreign knowledge accumulation must grow at the same rate 28 . In other words, if we assume (some form of) international knowledge diffusion, the condition for a uniform rate of growth of knowledge in all countries is not sufficient for assuring balanced growth.
We now turn to the aggregate trade share growth rates. The steady state growth rate of the aggregate export share implies
If ρ A = 0 from (12) balanced growth implies that all sectoral shares grow at
and hence ρ X = 0 . If we allow for unbalanced growth the rate of growth of the export share can be non zero and it is as follows
If we keep the assumption that the rate of growth of the traditional sector's export share is zero then, obviously, a positive value of ρ X implies unbalanced growth, i.e. a change in the export specialization pattern. (21) Under balanced growth the depressing effect of foreign knowledge over domestic knowledge (l.h.s.) must exactly match the sum of the enhancing effect of foreign knowledge over domestic knowledge and the effect of domestic R&D on domestic knowledge (r.h.s.). All this implies that the knowledge diffusion effect of imports is not relevant under balanced growth.
The final step is to compute the steady state growth rate of output. which is the following:
Domestic output will grow in excess of world demand, and hence we will witness a "caching-up effect", if
The expression above suggests a distinction between a "terms of trade effect" (the sum of the first two terms) and a "market share effect". , i.e. the sum of the technology elasticities must be larger than the benefits in terms of export performance of the diffusion effect of technology through imports of high tech goods. Again note that output catching up implies a change in the specialization structure.
Estimation of Parameters
The appropriate way of estimating the parameters is to carry out the estimation of the non linear model (1)-(11) through simultaneous methods (FIML) as is the usual procedure in dealing with continuous time econometric models (see Gandolfo 1981) . However, this is not possible in our case due to degree of freedom limitations 30 so the following two-step procedure was followed and applied to the four major European countriesGermany, France, Italy and the United Kingdom-as well as to Japan. In the first step sectoral export share equations (1)- (4) and sectoral import share equations (7)- (8) were estimated in pairs 31 (FIML) so as to obtain initial values of parameters and to check for significant differences between elasticities. Once estimates for parameters for these equations were obtained the model (1)- (10) -linearized about sample means 32 -was estimated with parameters entering eqs. (1)- (4) and (7)- (8) constrained to take on the values obtained in the first step of the estimation procedure. The second step has allowed to obtain the estimates of the parameters entering eq. (5). Parameter estimates presented in tables 3 and 4 are the results of the two step procedure with asymptotic standard errors in parenthesis. Some of the parameters (denoted by *) were constrained to take on a given value in the first step of the estimation either because they did not result to be significantly different from the value imposed during early stages of estimation or because they increased the efficiency of the estimates. All point estimates are significant at least at the 5% level and have the correct sign. Carter-Nagar system R 2 W statistics (Carter and Nagar 1977) are quite acceptable and the associated χ 2 values in all cases reject the hypothesis that the model as a whole is not consistent with the data. 30 See Appendix 2 for details on data. 31 In the case of France three sectoral export equations were estimated simultaneously.
32 Equation (11), which defines the rate of growth of output, was not included in the estimation procedure.
This equation was, however, used in both stability analysis (para. 5) and simulations (para .6) imposing the value of 0.5 on the adjustment coefficient α 1 . The estimation of the linearized model was performed using Cliff Wymer's RESIMUL program for the estimation of the approximate discrete analogue of the original continuous time model. Wymer's ESCONA program allows for the FIML estimation of the original non linear model. Previous experiments on other models (see De Arcangelis et al 1996) show that the improvement in estimation results when using ESCONA rather than RESIMUL do not exceed the costs of much lengthier and costlier computation procedures when non linearities pertain to definitional equations as in the present case.
Both statistics are presented at the bottom of table 4 and they are related to the full version of the model, containing eqs. (1)-(10) .
The discussion of the results is best carried out by looking at the different national cases. Each national case will be considered by looking both at its sectoral trade competitiveness (parameters entering eqs, (1)- (4) and (7)- (8) ) and at the features of the knowledge accumulation process (parameters entering eq (5)). Results will be compared with the structure of revealed comparative advantages (RCA) in the four Pavitt macrosectors as reported in table 2 33 so as to check to what extent our estimates are consistent with the distribution of RCA's over the sample period. Before looking at the specific cases the following general comments can be made: i) results appear to be consistent with theoretical expectations about the importance of "price" and "non price" determinants of trade performance in the four macrosectors 34 ; ii) results also seem to be generally consistent with the distribution of RCA in the sense that the country cases exhibit high and significant price and/or knowledge 33 RCA are defined as (X ij /X iw )/(X j /X w ), where X= exports , i=sector, j=country, w=world. A value greater that 1 indicates the presence of a revealed comparative advantage in sector i. 34 Amable and Verspagen (1995) also find some consistency between theoretical expectations and empirical results about the determinants of sectoral export share performance when sectors are grouped according to Pavitt's taxonomy. In our case attempts to find effects of relative knowledge on the export share performance in traditional goods never led to significant results. elasticities and high adjustment speeds, suggesting a good "capacity to deliver", in the sectors where RCA are present; iii) in several cases sectoral price and knowledge elasticities appeared to be not significantly different and were constrained to take on the same value in final stages of estimation 35 , this indicates that the sectoral disaggregation followed is not always fully relevant, however aggregation differs across countries; iv) drawing on results discussed in para 3 significantly different knowledge elasticities -when present-suggest that in all country cases there is a tendency to a modification in the trade specialization structure, however this tendency remains overall moderate (as one should expect) 36 v) results indicate relevant country differences in the process of knowledge accumulation and different degrees of exposure to international knowledge diffusion, consistently with the assumption of "national systems of innovation" (Nelson 1992) .
Germany The relative price elasticities in the traditional and scale intensive sectors were constrained to take on the same value, which is smaller than one, while the price elasticity in the specialized suppliers sector was constrained to take on the value of one . Technology elasticities in the specialized suppliers and science based sectors were also constrained to take on the same value which turns out to be smaller with respect to other cases (and especially with respect to the UK case which shows the same pattern of elasticity aggregation) . These results are partly consistent with the distribution of RCA in Germany which shows a strong advantage in specialized suppliers (see table 2). Competitiveness in this macrosector is also confirmed by the high value of α 4 , the sectoral adjustment speed .
Estimates of parameters entering eq (5) show a moderate elasticity of patenting with respect to R&D expenditure, but also an important domestic spillover effect, a moderate role of the stock of foreign knowledge 37 but a more relevant role of high tech imports in enhancing domestic knowledge accumulation; this last point is confirmed by the relatively high elasticity of the high tech import share to the high tech export share
France is the only case where the three knowledge elasticities are not significantly different and so in the first step of the estimation they were constrained to take on the same value which is also one the highest knowledge elasticity obtained. This result suggest a high degree of integration among the knowledge sensitive sectors B, C, D, and is consistent with the RCA structure in the 36 It should be recalled that this result, which implies different rates of growth in sectoral export market shares, requires that the rate of growth of domestic knowledge be different from the rate of growth of foreign knowledge. 37 In the case of Germany the stock of foreign knowledge excludes patents granted to US and Japanese firms (i.e. it includes only patents granted to European firms in the US, see Appendix 2 for details). Different definitions of the variable T W were tried in estimation for all national cases but with the exception of Germany the best results were obtained with the "world " stock of patents. 
same sectors (see table 2 ). The relatively strong domestic spillover effect ( β 8 ) is also consistent with a high degree of integration among knowledge sensitive sectors. Two of these three sectors also exhibit high adjustment speeds. On the contrary, the point estimate of α 6 suggests a slow process of domestic knowledge accumulation. Contrary to the case of Germany the elasticity to domestic R&D accumulation is low while the influence of the world stock of knowledge is much more important with imports of high tech goods playing a somewhat more limited role; this is also confirmed by a relatively low value of β 14 , the elasticity of high tech imports to high tech exports. In sum, the non trade channels of international knowledge diffusion seem to play a relevant role in the case of France Italy. As in the previous two cases β β 1 and 2 , the price elasticities in the A,B sectors, were constrained to take on the same value, which is also the highest among the five country cases: the price elasticity in the specialized supplier sector was constrained to zero while the estimate of knowledge elasticity in the same sector as well as of the adjustments speed turned out to be very high, consistently with Italy's strong specialization in this macrosector . The weak specialization in scale intensive products seems to account for the low knowledge elasticity. Note that Italy is the only country case where the knowledge elasticities turned out to be significantly different (and low with the exception of β 5 ) suggesting a weak integration among the knowledge sensitive sectors.
The knowledge accumulation equation shows a high elasticity to domestic R&D, a limited domestic spillover effect (again a sign of low integration among knowledge sensitive sectors) a modest effect of international diffusion limited to high tech imports and no effect of the world stock of knowledge as β 9 was constrained to zero in the early stage of estimation. To some extent Italy's model of knowledge accumulation appears to be closer to the German than to the French (and UK's, see below) case 38 .
United Kingdom The knowledge elasticities in sectors C,D turned out not to be significantly different and were constrained to take on the same value which is also quite high consistently with the country's specialization (see table 2 ). The knowledge elasticity in the scale intensive sector is also relatively high but significantly smaller. Contrary to the other European cases, price elasticities turned out to be all significantly different from one another.
The process of knowledge accumulation strikes out as being quite different from the other European cases as well as from Japan's. It appears to be the fastest of the four European cases, highly sensitive to domestic R&D and with a very strong domestic spillover effect . It also seems to benefit more strongly from international diffusion, both through high tech imports and through the effects of the foreign stock of knowledge. In sum the UK model of knowledge accumulation seems to be efficient and highly integrated in the international economy , also as a consequence. of the strong presence of foreign multinationals 39 Japan. As one might expect Japan is different from all the other cases considered. Price elasticity is high and not significantly different in traditional and specialized suppliers sectors while it turned out not to be significantly different from zero in the scale intensive sector where competitiveness seems to be associated to an extremely high capacity to deliver (very high value of α 3 ) and a high knowledge elasticity, itself not 38 Amendola, Guerrieri and Padoan (1992) find that Italy's technological specialization structure is not related to her trade specialization structure. 39 See Perez (1995) significantly different from the knowledge elasticity in the science based sector 40 . This suggest an integration between scale intensive and science based sectors -a peculiar feature of the Japanese economy-which are also two macrosectors where Japan shows a very strong specialization - see table  2 .
The knowledge accumulation equation shows the highest adjustment speed among the five cases considered and a very high elasticity to domestic R&D. The relative closeness of the Japanese model of knowledge accumulation -as well as the very limited presence of foreign multinationals -is reflected in the low values of β β 10 and 14 as well as in the fact that β 9 , the parameter associated with the foreign stock of knowledge, was constrained to zero in the early stages of estimation .
Stability and Sensitivity
In this paragraph we discuss the (local) stability and sensivity properties of the five estimated country models. Stability analysis 41 is performed using the linear approximation about the steady state of the non linear model (1)-(11) (See Appendix 1). Before discussing the results let us consider the importance of stability analysis in the present context. The model presented here is not a full macroeconomic model so the question one asks when performing stability analysis is not whether the national economies considered present an overall stable behaviour but, rather, whether the trade and knowledge sections of these economies converge to their steady state; if the answer is yes we can interpret the result in the sense that the trade and knowledge specialization structure is a stable equilibrium, if the answer is no then forces are at work in the system that drive it away from its steady state trade and knowledge specialization configuration.
Additional information about the robustness of the specialization structures can be obtained through sensitivity analysis. By sensitivity analysis I mean the analysis of the effects of the changes in the parameters of the model on the characteristic roots of the model 42 . This can be performed in a general way by computing the partial derivatives of these 40 Note that, contrary to the findings of e.g. Maquier, Tojas-Bernate (1994) knowledge elasticities for Japan are not dramatically higher with respect to other advanced countries. 41 Stability and sensitivity are carried out through Cliff Wymer's CONTINEST program. 42 For a more detailed analysis see Gandolfo (1981) , where θ j denotes the jth parameter, enables us to check the structural stability straightforwardly, at least at the local level. The same partial derivatives enable us to determine possible bifurcations, namely the values of the parameters at which a qualitative change in the nature of equilibrium occurs. In fact, to a first approximation,
, or, if only one particular critical parameter is to be considered, d In what follows we discuss the results of the stability and sensitivity analysis for the five country models considering each national case as, once, again national differences are of some relevance. Table 5 presents the characteristic roots, damping periods and periods of cycle 43 for the five country cases. Tables 6-10 present sensitivity results for selected parameters (i.e. parameters which crucially affect the dynamic properties of the model).
Given the results, it is convenient to look at two groups of countries separately, with France and UK forming a different group: the reason is simple, these two latter 43 The damping period is the time required for about 63% of the initial deviation to be eliminated (of course it is defined only for stable roots). The period of cycle is defined only for complex roots. (tables 6, 8, 9) . First of all it can be noted that adjustments coefficients in the sectoral export shares have a stabilizing effect, i.e. their increase moves the root away from the bifurcation value, in all three cases (the only exception being α 5 in the case of Japan); the same can be said of α 6 , the adjustment speed in the knowledge accumulation process. One interpretation of this result is that a stronger ability to deliver, which can be considered as a sign of stronger competitiveness, stabilizes the specialization structure. Ambiguous effects on stability (in the sense that an increase in their value stabilizes some roots while destabilizing others) are generated, again in all three cases, by changes in β β 5 10 and , respectively the knowledge elasticity in the science based export share and the coefficient of high tech imports in the knowledge accumulation equation,. This effect is also present in the case of Japan for β 3 , the knowledge elasticity in the scale intensive sector. Considering that, in the case of Germany and Japan, these elasticities are constrained to be the same in more than one sector one interpretation is that a very high knowledge elasticity in knowledge sensitive sectors may, eventually, lead to a change in the specialization structure. Let us now consider the two other country cases, France and the UK. They both present one positive root (see table 5) indicating an unstable behaviour. The case for France is also the only one where complex roots are present indicating a cyclical growth pattern.
The mechanics of the unstable behaviour can be clarified by performing the dynamic simulation of the original non linear model (1)-(11) (see next paragraph) in the French and UK cases. The pattern, that is quite similar in the two cases, is as follows: due to slow growth of the domestic stock of knowledge relative to the stock of foreign knowledge market shares in the three knowledge sensitive sectors start to decline; this effect is particularly strong in the case of France where the knowledge elasticity is constrained to be the same in the three sectors. This, after a lag, feeds back on domestic knowledge accumulation through the domestic spillover effect -β 8 -and leads to a fall in T , itself feeding back on export share decline. Different knowledge elasticities and spillover parameters (as well as different adjustment speeds) produce different timings of the turning point in the behaviour of T, after 40 periods (years) in the case of France and after 44 periods in the UK case.
Sensitivity analysis provides additional information as well as indications about stabilizing factors. In both cases (see tables 7 and 10) an increase in the knowledge elasticities in the knowledge sensitive sectors is destabilizing. This last result is intuitive as an increase in these elasticities would strengthen the negative effect of the relative (and then absolute) decline in domestic knowledge. The only parameter that exerts a significant stabilizing effect on the positive root is, again in both cases, β 9 , the parameter associated with the diffusion effect of foreign knowledge on domestic knowledge. Again the intuition is clear. A stronger spillover effect mitigates -and eventually eliminates-the negative consequences on trade performance and knowledge accumulation of an inadequate growth of T. This is consistent with steady state results pointing to the "ambiguous" effct of foreign knowledge on domestic performance. From (21) above we know that an increase in β 9 helps to resume balanced knowledge growth thus offsetting the unstable behaviour discussed here. To conclude this point, it is not by chance that France and UK display a much stronger effect of T W on T and that they also present higher values for the knowledge elasticities, pointing to a deeper "technological integration" . Sensitivity results suggest that, in order to eliminate instability -which may interpreted as the result of an insufficient effort in domestic knowledge accumulation given the trade specialization pattern-the only solution is to increase technological integration.
Simulations
In this section we present the results of a number of simulation exercises for the purpose of a better understanding the properties of the model. The simulations have been performed by solving the original non linear model (1)-(11) through Cliff Wymer's APREDIC program. The five simulation exercises presented here 44 will be discussed separately looking at the behaviour of output, export market shares and the stock of domestic knowledge (T). Figs 1-5 report differences in output levels from the base run. Table 11 reports percentage changes with respect to the base run in export market shares and in the level of T at the end of the simulation run (20 periods = years). Overall, simulations confirm the relevance of differences in both trade specialization and in domestic knowledge accumulation processes in affecting growth and clarify the relationship between growth performance and changes in the structure of trade specialization, as well as the ambiguous relationship between trade. knowledge and growth table 11 ). Note, however, that while the UK despecializes relatively more intensively in the science based sector, the relative share loss in France is substantially equiproportional given the constraint on knowledge elasticities obtained in estimation. In general, differences in market share behaviour reflect differences in elasticities -as eqs. (13)- (15) show-as well as the different values of the sectoral adjustment speeds. Recall that a fall in S D, produces an additional depressing effect on T, through the domestic spillover effect, further depressing growth. . Table 11 also shows that differences in aggregate performance are reflected in differences in sectoral performance and in the change of the specialization structure as well as in the consequences on domestic knowledge accumulation. These results highlight the consequences of different intensities in "technological integration" on growth. In the previous section we have seen that these differences play a relevant role in the dynamic behaviour of the national models. This simulation explores the consequences of a change in the structure of world demand. Results show that -as para 3 has clarified, see eqs (13)- (15) and (16.1)-market shares and the level of domestic knowledge are not affected by changes in the rates of growth of sectoral world demands (i.e. both export market shares and the level of T take on their base run values in the simulation). We can observe, however, some consequences on output behaviour. All countries display increases in output levels, but they do so in different degrees, reflecting their relative specialization -see fig. 3 . From eq (20) in para. .3 we know that -if the rates of growth of sectoral world demand increase-the rate of growth of aggregate export share and, ceteris paribus, the rate of growth of output, will increase proportionally to the initial trade specialization structure. Accordingly, the ranking of the output gains in the national cases in descending order is as follows: Japan, United Kingdom, France, Germany, Italy. 
Simulation 4. Doubling of the rate of growth of domestic R&D (Same for all countries).
All countries benefit in terms of output but, again, with significant differences -see fig 4-with Japan gaining most and Germany and Italy the least. This is only partially the result of Japan's high elasticity of domestic knowledge accumulation to domestic R&D. Italy, e.g., has a comparable elasticity, resulting in a similar increase in the stock of domestic knowledge, but relatively lower knowledge elasticities in knowledge sensitive sectors as well as a weaker specialization in these sectors. This, from eq. (20), generates a lower rate of growth of the aggregate export share. In addition, contrary to e.g. the case of the UK, which exhibits an even higher increase in the value of T and presents even higher knowledge elasticities, the growth in high tech export shares does not stimulate as large an increase in high tech imports -which depress growth-as the value of β 14 is lower in Japan (and much higher for Italy). Finally in this case too differences in output performances generate differences in the trade specialization structures as this exercise, as other above, modifies the difference between the growth rates of foreign and domestic knowledge and, given eqs. (13)- (15) , the rates of growth of sectoral export market shares. . of foreign knowledge on domestic performance: the depressing effect of increased technological competition and the enhancing effect of knowledge diffusion. As shown in fig. 5 the net effect on output is negative in all cases but, once again, with significant national differences. The UK experiences the highest absolute loss followed by Japan. The important difference between these two cases, however, is that the UK also witnesses the highest absolute increase in the stock of domestic knowledge -see table 11-while the net change in the case of Japan is zero. Obviously this is the consequence of the different role that the foreign stock of knowledge plays in knowledge diffusion. Changes in market shares -see table 11-occur in all sectors but are more marked in those where knowledge elasticities are higher. 
Conclusions
In this paper we have examined the properties of a dynamic disequilibrium model focused on trade specialization and knowledge accumulation. The sectoral breakdown, which includes four export and two import sectors, follows Pavitt's (1984) taxonomy which is particularly appropriate to deal with empirical analyses of the relationship between innovation activities and production and export performance. Steady state analysis shows that under perfectly balanced growthwhich implies no change in trade specialization and a uniform growth of knowledge, international diffusion of knowledge is irrelevant for growth. Unbalanced growth obviously implies changes in the specialization structure; the process of structural change may be enhanced by the effects of domestic spillover on domestic knowledge accumulation as innovation activities in one sector generate positive externalities on the rest of the economy. The analysis also clarifies the ambivalent effect on domestic performance of the growth of foreign knowledge as the latter is both a complement and a substitute to domestic knowledge. Whenever these two effects do not perfectly match international knowledge diffusion is associated with unbalanced growth. Unbalanced growth is also associated with "output catching-up", while "technological catching-up" is a necessary but not sufficient condition for the former. The ambivalent effect of the growth of foreign knowledge on domestic knowledge accumulation, trade and growth performance implies that imports of knowledge intensive goods may not lead to higher growth unless this results in sufficiently strong trade performance in the knowledge intensive sectors (i.e. there are thresholds in market share expansion). This result, whose implications for developing countries are relevant, is usually not reported in the literature where higher foreign knowledge accumulation unambiguously leads to higher growth in the country that imports technology through trade.
Parameter estimates have been obtained for Germany, France, Italy, the UK, and Japan. While the results should be considered as preliminary the following points may be singled out: i) results appear to be consistent with theoretical expectations about the importance of "price" and "non price" determinants of trade performance in the four macrosectors; ii) results also seem to be generally consistent with the distribution of revealed comparative advantages (RCA) in the sense that the country cases exhibit high and significant price and/or knowledge elasticities and high adjustment speeds, suggesting a good "capacity to deliver", in sectors where RCA are present; iii) in several cases sectoral price and knowledge elasticities appear to be not significantly different, this indicates that the sectoral disaggregation followed is not always fully relevant, at least from the point of view of export performance; iv) significantly different knowledge elasticities suggest that in all country cases there is a tendency towards a modification in the trade specialization structure in the steady state, however this tendency remains overall moderate; iv) results indicate relevant country differences in the process of knowledge accumulation and different degrees of exposure to international knowledge diffusion.
Stability and sensitivity analyses yield further information about the robustness of the specialization structures. In two country cases, one unstable root suggests that, over the long run (which from simulations appears to be around 40 years), the specialization structure would not be sustainable. This effect could be eliminated by a deeper technological integration which would compensate the inadequate domestic knowledge accumulation.
Simulation exercises confirm steady state results on the relevance of country differences in trade specialization and in domestic knowledge accumulation in affecting growth, and they also clarify the relationship between growth and changes in the structure of trade specialization.
Further lines of investigation can be developed from the present framework, some of which are the following. The application of this approach to developing economies suggests, if only because of data availability, a limitation of the number of sectors, but also a different formulation of the mechanism of domestic knowledge accumulation and diffusion as well as a different empirical implementation 46 , (keeping in mind that the exploitation of knowledge diffusion per se requires a certain amount of domestic knowledge accumulation even in technologically lagging economies).
If data availability is not a problem, however, as is the case for the larger developed economies, the implications of sectoral knowledge accumulation processes and their interaction should be explored.
Finally, both in the case of developed and of developing countries, the remaining components of the balance of payments should be explicitly considered in determining long run growth. 46 In particular, knowledge accumulation in developing countries is only partially, if at all, captured by patenting. See Freeman and Hagedoorrn (1994) .
Appendix 1 Derivation of the Steady State
In this Appendix we develop the solution of the steady state for model (1)-(11), following the method of undetermined coefficients (see . We assume, for the exogenous variables (11) and perform the stability analysis described in para 5.
